Time series data on cyclic vole populations in in northern Sweden show a longterm decline in numbers from the early 1970s to the late 1990s. We tested the destructive sampling hypothesis predicting that previously unsampled (new) plots in remote areas would yield higher density indices than the density level of permanent plots in the early 1970s. In autumn 1999 we sampled both permanent (treatment) plots and new (control) plots. Density was not higher on new than on permanent sampling plots for any of the predominant vole species, Clethrionomys glareolus, C. rufocanus, and Microtus agrestis. It appears unlikely that destructive sampling has caused the observed decline in vole numbers.
The main research interest in cyclic vole populations has been on cyclicity and its causal factors (e.g., Krebs and Myers 1974; Stenseth 1999) . However, since the 1980s, great interest also has been directed toward different types of recently observed deviations from previous density patterns in long-term time series at various localities in Fennoscandia. The deviations reported include compression of cyclic peaks (e.g., Hörnfeldt 1991 Hörnfeldt , 1994 Hörnfeldt , 1995 , prolongation of cyclic peaks (Henttonen et al. 1987; Oksanen and Oksanen 1992) , increase in seasonal variation (e.g., Ecke et al. 2001; Hansson 1999; Henttonen et al. 1987; Hörnfeldt 1991 Hörnfeldt , 1994 Hörnfeldt , 1995 Oksanen and Henttonen 1996) , decrease of amplitudes (Hörnfeldt 1991 (Hörnfeldt , 1994 (Hörnfeldt , 1995 , and longterm declines in density (Hansson and Henttonen 1995; Hörnfeldt 1991 Hörnfeldt , 1994 Hörnfeldt , 1995 Hörnfeldt , 1998 . Various explanations for these deviations have been suggested.
One of the aims of the National Swedish * Correspondent: Pernilla.Christensen@eg.umu.se Environmental Monitoring Program is to detect possible early warnings on environmental disturbance. The conspicuous longterm decline in densities of vole populations since the early 1970s in northern Sweden, especially of the gray-sided vole, Clethrionomys rufocanus, is one of the main findings of its vole population monitoring program (Hörnfeldt 1991 (Hörnfeldt , 1994 (Hörnfeldt , 1995 (Hörnfeldt , 1998 ; see also http://www.eg.umu.se/ p e r s o n a l / h o r n f e l d t b i r g e r / b h / s i d o r / index3.html, last updated 31 March 2003). Hörnfeldt (1991 Hörnfeldt ( , 1995 Hörnfeldt ( , 1998 previously unsampled areas distant from permanent plots would yield higher density indices than on the permanent plots and at levels of the early 1970s.
The destructive sampling hypothesis could be refuted by theoretical arguments, referring to the high recolonization capacity of trapped-out areas by microtines due to their high immigration and reproductive rates. However, the only correct way to show that no negative density effect results from catch-removal trapping, as we predicted, is to test this for a statistically large enough sample for trapped (permanent) versus previously untrapped (new) plots. We know of no previous experimental validation of snap-trapping, in spite of its frequent use by small-mammal ecologists around the world. We tested the destructive sampling hypothesis in a field experiment by comparing current density indices of permanent (treatment) plots with those of new (control) plots in areas that had not been sampled previously.
MATERIALS AND METHODS
Study area.-This study was performed in northern Sweden, in a 100 by 100-km area (ϳ64ЊN, 20ЊE; Fig. 1 ). The study area was situated in the middle and northern boreal zone (Ahti et al. 1968) and was dominated by managed (mainly coniferous) forests with small areas of agriculture. The coarse habitat composition of the land in the region of the study area (coastal and inland area of the county of Väs-terbotten) was 65% forest, 8% clear-cut, 15% mire (forest wetland with sparse occurrence of pine), 4% agricultural land, and 8% miscellaneous habitats (Anonymous 2001).
Trapping methods.-Long-term environmental monitoring of cyclic vole populations with snap-trapping on permanent sampling plots has been conducted in the study area (Fig. 1a ) every spring and autumn since autumn 1971. This monitoring has been based on trapping in 58 of 64 initially selected permanent plots, regularly distributed according to the Swedish National Grid, with no preassumption as to habitat or geographic elements in the landscape. In each of 16 large subareas (each 5 by 5 km; Fig. 1b ), we trapped 2-4 (mostly 4) 1-ha (100 by 100 m) permanent sampling plots (Fig. 1c) , unless they were on untrappable sites (see also Hörnfeldt 1978 Hörnfeldt , 1994 . For the field experiment, we used a similar configuration of 58 similarly selected new sampling plots, 2-4 (mostly 4) new plots per subarea. These new and previously unsampled plots were located between and 1 km apart from the permanent plots in the same subareas (Fig. 1c) . In both new and permanent sampling plots 5 snap traps per station were set for 3 consecutive nights in Յ10 trap stations, centered and spaced 10 m apart along the diagonal of each 1-ha sampling plot. This design corresponded to a total trapping effort of 150 trap nights per permanent and new sampling plot in each sampling period (spring and autumn; only autumn 1999 for new plots) if all trap stations were on trappable sites (see Hörnfeldt 1978 Hörnfeldt , 1994 for more details). As an index of vole density, we calculated number of voles trapped per 100 trap nights per species and sampling period. For the evaluation of the field experiment, we used only permanent and new plots where all 10 trap stations were operated, resulting in 55 of 58 permanent (treatment) plots and 52 of 58 new (control) plots. Thus, data used to compare new and old plots in autumn 1999 were based on 7,800 trap nights for new plots and 8,250 trap nights for old plots.
We classified the habitat of trap stations in permanent and new sampling plots into 4 main categories: mire, forest (mainly coniferous, spruce, pine), anthropogenic habitat (grassy farmland or roadside) and clear-cut. In this context clear-cuts were defined as having Յ4-mhigh trees with a cover of Յ40%. We found no difference ( 2 ϭ 1.950, d.f. ϭ 3, P ϭ 0.58) in habitat composition of trap stations between permanent (forest 61.5%, clear-cut 16%, mire 19%, anthropogenic 3.5%) and new (forest 58%, clear-cut 18%, mire 21%, and anthropogenic 3%) sampling plots.
Systematic sampling can underestimate standard error if any underlying periodicity in the data collected interferes with the sampling design (Krebs 1999) . However, we are not aware of any such periodicity corresponding to distance between sampling plots or subareas in this study. Also, Krebs (1999) suggested that data obtained by systematic sampling often can be treated as random sampling data without bias. Therefore we treated our data as random data.
To test for a difference in vole density between new and permanent sampling plots in autumn 1999, plots initially were grouped and matched geographically into the 16 subareas. Geographic matching was performed to equate the number of permanent and new plots in the subareas and to reduce the effect of potential geographic variation. For each subarea, we calculated mean difference in trapping indices between new and permanent plots, which were normally distributed in autumn 1999 for Clethrionomys glareolus and were tested for significance with statistical software MINITAB 12 (Minitab 1998) using a 1-tailed, 1-sample t-test (␣ ϭ 0.05 -Zar 1996) . However, data for the less common Microtus agrestis were not normally distributed, so for this species, we used a Wilcoxon signed rank test (␣ ϭ 0.05; MINITAB 12 [Minitab 1998 ]- Zar 1996) . Due to a predominance of 0 values for C. rufocanus on both new and permanent plots in autumn 1999, no test was performed on that species.
Power to detect density differences.-We calculated the power of our sampling design required to reject the null hypothesis (new ϭ permanent) for C. glareolus if the null hypothesis were false (i.e., the probability of detecting whether density indices were higher on new than on permanent plots for hypothetical differences in mean density -Zar 1996) . Power values were calculated by PASS 6.0 software (Hintze 1996) and the standard deviation and sample size from the 1-tailed, 1-sample t-test (␣ ϭ 0.05) of the mean differences in autumn 1999.
If the destructive sampling hypothesis were true, the difference in density between new and permanent plots would be as large as the observed decline in density from the early 1970s to late 1990s (new Ͼ permanent). The observed effect size for a vole population is the mean difference (decline) in density between autumn 1974 and 1999 because autumn 1974 was the earliest autumn corresponding to the same cyclic phase as autumn 1999. Mean differences (effect sizes) in trapping indices for C. glareolus, C. rufocanus, and M. agrestis in 1974 compared to 1999 were normally distributed and tested with statistical software MINITAB 12 (Minitab 1998) by a 2-tailed, 1-sample t-test (␣ ϭ 0.05-Zar 1996) after matching permanent sampling plots geographically into the 16 subareas (see above). For each subarea, we calculated the mean difference between permanent plots in 1974 and 1999.
Geographic scale and cyclic phase.-New plots should be located far enough from permanent plots that small-mammal densities at the new plots are not affected by previous trapping on the permanent plots. Consequently, as a complement to the field experiment, we estimated mean proportion of C. glareolus voles trapped on different geographical scales of the total numbers available. Different scales ranged from the level of a permanent sampling plot (0.01 km 2 ) to a quarter of the 5 by 5-km subareas (6.25 km 2 ). We used C. glareolus for these calculations because density data (voles/ha) were available only for this species in the study area-from a coniferous forest (64Њ19ЈN, 19Њ29ЈE-Löfgren et al. 1996) approximately centrally located. This mean proportion was cal-culated arbitrarily for 1982 (late peak/decline phase) on the basis of density data from Löfgren et al. (1996) and number of voles trapped in the long-term time series (Hörnfeldt 1994 (Hörnfeldt , 1998 .
We also estimated the mean proportion of C. glareolus individuals trapped in a permanent sampling plot of 0.01 km 2 of the total numbers available in 6.25 km 2 in different cyclic phases in autumn 1980-1983 (i.e., in 4 different sequential years [phases] of 2 ensuing cycles). Year 1 refers to the increase year, with the highest rate of increase of vole numbers in summer. We used density data (voles/ha) from Löfgren et al. (1996) and trapping data from the long-term study (Hörnfeldt 1994 (Hörnfeldt , 1998 .
RESULTS
A long-term decline of C. glareolus, C. rufocanus and M. agrestis on permanent sampling plots from 1971 to 1999 was observed (Fig. 2) . The difference in mean trapping indices for 16 subareas between 1999 and 1974 (in the same phase of the population cycle) was 6.9 Ϯ 4.5 (SD) for C. glareolus, 3.2 Ϯ 2.6 for C. rufocanus, and 0.8 Ϯ 1.2 for M. agrestis. According to a 2-tailed, 1-sample t-test, all differences were significant (C. glareolus, t ϭ 6.09, P Ͻ 0.0001; C. rufocanus, t ϭ 4.97, P ϭ 0.0002; M. agrestis, t ϭ 2.54, P ϭ 0.022). Trapping indices were no higher on new than on permanent sampling plots for any of the species (Table 1 ). The power curve for C. glareolus (not shown) revealed that the test of the observed effect size (6.9) between autumn 1974 and 1999 had a power value of 1.0. The power was of the same or similar size at considerably lower (ϳ2.0) hypothetical effect sizes. The estimated proportion of C. glareolus individuals snaptrapped of those available in a 0.01-km 2 (1 ha) sampling plot was 81%. However, with increasing scale, the proportion trapped within a sampling plot of the estimated total number of voles available at larger scales surrounding the sampling plot decreased rapidly to 0.1% at the level of 6.25 km 2 ( Table 2 ). The estimated mean percentage (%) of C. glareolus individuals trapped per sampling plot of the total number available in 6.25 km 2 during different cyclic phases ranged from 0.07% to 0.16% (Table 3) .
DISCUSSION
Recurrent snap-trapping on permanent sampling plots is a frequently adopted method to monitor fluctuations in population density of small mammals (Hansson 1999; Henttonen et al. 1987; Hörnfeldt 1994; Kalela 1957; Norrdahl and Korpimäki 1995; Oksanen and Oksanen 1992; Saitoh et al. 1997) . As snap-trapping kills and removes a certain proportion of the animals from the trapped areas, this method represents destructive sampling. The assumptions that snap-trapping reduces numbers of small mammals only locally and temporarily at the trapping sites are implicit in the use of this method for monitoring purposes. Due to subsequent rapid immigration and recolonization of free space from surrounding areas, and because of high reproduction, any negative numerical effect of snap-trapping is considered negligible. However, as early as the study by Leslie and Davis (1939) , who used a catcheffort method to determine rat density, an awareness of the potential risk of destructive sampling to bias the results existed. We have not found any studies evaluating whether recurrent removal of small mammals via snap-trapping can bias density estimates. To our knowledge, this is the 1st study formally assessing whether destructive sampling represented by snap-trapping has significant, negative, long-term effects on small-mammal numbers. As expected, we found no effects from recurrent trapping in permanent sampling plots on density in any of the species studied. Thus, it seems unlikely that any negative, long-term effects on population size exist.
The proportion of voles trapped decreased rapidly with increasing size of the area surrounding the sampling plot. Because new plots were located at the largest possible distance from permanent ones at the largest scale, the results suggest that the present field experiment was conducted on a reasonable scale.
The absence of a difference in density between new and permanent plots can be explained by the mainly local effect of snap-trapping, as indicated by our estimates of the proportion of voles trapped at different geographical scales and by the high mobility of voles. Szacki and Liro (1991) found that C. glareolus individuals moved 100-550 m and sometimes Ͼ1000 m during a 5-day trapping session. Long-range dispersal also has been observed in C. rufocanus (Oksanen et al. 1999) . Similarly, in a supplementary feeding experiment at the center of our study area, in a situation comparable to catch-removal sampling in effecting the release of resources, the density of C. glareolus increased rapidly due to immigration from surrounding areas (Löfgren et al. 1996) .
Our sampling design would have detected with high probability a difference in mean density as large as differences predicted between new and permanent plots. Even much smaller differences in density would have been detected with great certainty because of the steep rise of the power curve to 1.0.
We reject the destructive sampling hypothesis. Destructive sampling due to snaptrapping is not a likely cause of the present decline of vole populations. Clearly 3 days of snap-trapping every spring and autumn b Density data from Löfgren et al. (1996) . c Data are means from the present time series on the basis of 58 1-ha squares (Hörnfeldt 1994) .
in as large a study area as ours represents destructive sampling of such low intensity that no risk of over-harvesting exists. Consequently, alternative hypotheses, such as habitat fragmentation of key or source habitats (sensu Pulliam 1988) , that focus on possible environmental disturbances to explain long-term declines of vole populations in northern Sweden (Hörnfeldt 1991 (Hörnfeldt , 1995 (Hörnfeldt , 1998 should be considered.
